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TRAILING ARM SUSPENSION 
AND HEIGHT CONTROL VALVE THEREFOR 
Related Application 

j 

This application claims priority on United States Provisional Application 
5 Number 60/150,621. 

Background of the Invention 

Field of the Invention 

The invention relates to a trailing arm suspension for a vehicle; and, njore 
particularly, to a height control valve for controlling the ride height of the suspension 
1 0 relative to the vehicle. 

Description of the Related Art 

Trailing arm suspensions are well known and are commonly used in heavy- 
duty vehicles, such as semi-tractor/trailer configurations. The trailing arm suspension 
comprises opposing trailing arm assemblies moimted on opposite sides of the j vehicle, 
15 preferably the vehicle firame rails. Each of the trailing arm assemblies includes a 

trailing arm having one end pivotally connected to a hanger bracket suspendecl firom 

i i 

the firame rail. The other end of the trailing arm mounts to an air spring, which is 

i ! 

affixed to the frame rail. The air spring dampens the pivotal rotation of the itrailing 
arm about the hanger bracket relative to the fi-ame rail. 
20 An axle assembly typically spans and moimts to, or is carried by, the trailing 

arms. The axle assembly rotatably mounts groimd-engaging wheels. Any movement 

i 

of the wheels in response to their contact with the ground will result in a rotation of 
the trailing arms, which is dampened by the air springs. 

The air springs typically comprise an air bag from which pressurize^ fluid can 

25 be introduced or exhausted to adjust the dampening performance of the air spjring. 

Additionally, the volume of air in the air spring can be adjusted to alter the height of 
the frame rails relative to the trailing arms. Often, there is a preferred ride height for 
the trailer and, depending on the load carried by the trailer, the ride height caiji vary. 
Pressxirized air is introduced to or exhausted from the air bags to adjust the rejlative 

30 height of the trailer fi:ame rail with respect to the trailing arms for a particular load. 
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The adjxistment of the ride height is traditionally accomplished by a height 
control valve having an inlet port, an air spring port, and an exhaust port. The inlet 
port is fluidly connected to the pressurized air system of the vehicle. The air spring ' 
port is fluidly connected to the air bags of the air springs and, the exhaust port is 
5 fluidly connected to the atmosphere. The air spring port can be fluidly connected to 
either the inlet port or the exhaust port to introduce or exhaust pressurized air from the 
air springs. A three-position valve is typically used to provide for the fluid 
connections necessary to introduce and exhaust pressurized air from the air bags. The 
housing is typically mounted to the vehicle or vehicle frame and the lever arm is 

10 typically mounted to the trailing arm, whereby any movement of the lever relative to 
the valve housing is indicative of the relative cluinge in position between the trailing 
arm and the vehicle. 

The various height control valves currently available can be operated on a time 
delay or can respond instantly to changes in height. The valve structure for these 

15 valves typically includes multiple spring biased pistons or similar elements that seal 
the various ports in response to the relative movement of the trailing arm. Examples 
of this type of height control valve are disclosed in U.S. Patent No. 5,161,579, issued 
November 10, 1992; U.S. Patent No. 5,560,591, issued October 1, 1996; and U.S. 
Patent No. 5,375,819, issued December 27, 1994. These valves tend to use a seal in 

20 the form of an O-ring or the like that surround the dynamic or moving piston to seal 
the piston relative to the valve housing. These "dynamic" seals are subject to wear as 
the piston reciprocates, leading to their eventual failure. 

Outside the context of a height control valve and in the context of a seat 
adjustment valve, it is known to use a shear valve structure to fluidly connect a 

25 pressurized air inlet port to an air cylinder or connect the air cylinder to atmosphere to 
extend or retract the air cylinder to raise and lower a vehicle seat. The shear valve 
comprises a chamber that is fluidly connected to the cylinder. A shear valve 
selectively connects the chamber to either an inlet port or an exhaust port to extend or 
retract the cylinder. The shear valve comprises a fixed disk positioned within the 

30 chamber with an opening cormected to the cylinder and openings fluidly connected to 
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the inlet port and the exhaust port. A rotatable disk having a passage that selectively 
overlies the inlet port opening and the exhaust opening is selectively rotated by the 
vehicle user to fluidly selectively connect the cylinder port to the inlet port or the 
exhaust port to extend or retract the cylinder to raise and lower the seat. 
5 There is still a need for a height control valve that does not use traditional 

seals on dynamic elements of the valve while still providing consistently repeatable 
performance. 

Summary of the Invention 

The invention relates to a height control valve for controlling the relative 

10 height between a vehicle frame and a trailing arm suspension. The trailing arm 

suspension comprises a trailing arm having one end pivotally mounted to the vehicle 
frame and carrying an axle that rotatably mounts ground engaging wheels. An air 
spring is positioned between another end of the trailing arm and the vehicle to resist 
the rotation of the trailing aim relative to the fi-ame. The height control valve 

15 according to the invention preferably comprises a housing defining an interior 

chamber and having an inlet port fluidly connected to a source of pressurized air. An 
outlet port is provided in the housing for fluidly coimecting to the air spring. 
Additionally, an exhaust port is provided in the housing for fluidly connecting to the 
atmosphere. A valve is disposed within the interior chamber and is selectively 

20 operable between a fill position, an exhaust position, and a neutral position. In the fill 
position, the air spring port is fluidly connected to the inlet port to introduce 
pressurized air from the air source into the spring. In the exhaust position, the air 
spring port is fluidly connected to the exhaust port to permit the exhaustion of 
pressurized air from the air spring. In the neutral position, the air spring port is not 

25 fluidly connected to either the inlet port or the exhaust port. By moving the valve 
between the neutral, fill and exhaust positions, it is possible to expand or deflate the 
air spring and thereby adjust the relative height of the vehicle frame to the trailing 
arm. 

In one aspect, the invention relates to the valve fiirther comprising a rotatable 
30 valve element disposed within the interior chamber and fluidly separating the inlet 
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port and the exhaust port. The rotatable valve element has a control passage that 
selectively fluidly connects the air spring port to the inlet port or outlet port upon the 
rotation of the rotatable valve element between a fill and exhaust position. The 
rotatable valve element is preferably biased into sealing abutment relative to the 
5 housing by the pressure from the pressurized air- 
In another aspect, the invention relates to a modular port structure in which the 
housing comprises a manifold body defining an air spring chamber to which the air 
spring port terminates and an inlet chamber from which the inlet port originates in 
combination with a manifold cover that is removably mounted to the manifold body to 

10 enclose the air spring chamber and the inlet chamber. The manifold cover preferably 
comprises at least one air supply connector for fluidly coupling an air supply to the 
inlet chamber and at least one air spring connector for fluidly connecting the air spring 
chamber to the air spring. The manifold cover can further comprise additional 
accessory connectors for fluidly connecting a vehicle accessory to the air spring 

15 chamber. 

Preferably, a modular dump valve is mounted between the manifold body and 
the manifold cover for selectively fluidly connecting the air spring port to the exhaust 
port to dump the pressurized air from the air springs independent of the position of the 
height control valve. 

20 In yet another aspect, the invention relates to the height control valve 

including a lever having one end operably connected to the valve to selectively move 
the valve between the fill, exhaust, and neutral positions, and other end adapted to be 
connected to the trailing arm. In this configuration, the rotation of the trailing arm 
moves the lever to thereby move the valve between the neutral, fill, and exhaust 

25 positions. Preferably, in this configuration, the valve comprises a movable valve 
element and the lever comprises first and second elongated arms. The first arm has 
one end fixedly coupled to the movable valve element and the second arm has one end 
adapted to be coimected to the trailing arm. The second arm is rotatably adjustable 
relative to the first arm to provide for adjusting the height of the lever relative to the 

30 trailing arm. 
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Another aspect of the invention relates to the valve further comprising a 
moveable valve element having a control passage. The valve is movable between a 
first position where the control passage fluidly connects the air spring port to the inlet 
port to place the valve in the fill position, a second position where the control passage 
5 fluidly connects the air spring port to the exhaust port to place the valve in the exhaust 
position, and a third position where the control passage is not in fluid communication 
with either the inlet port or the exhaust port to place the valve in the neutral position. 
The control passage presents an increasing cross-sectional area to the air spring port as 
the valve is moved to either the fill or exhaust positions to provide for an increasing 
1 0 flow rate through the air spring port as a fimction of the degree of movement of the 
movable element. 

In yet another aspect, the invention relates to a shaft extending through the 
housing and having a key in combination with the valve further comprising a rotatable 
valve element having a slot that receives the key of the shaft. A resin is disposed 
1 5 within the slot to fill in any spaces between the key and the slot. 

Brief Description of the Drawings 
In the drawings: 

FIG. 1 is an elevational side view of a trailing arm suspension having a height 
control valve according to the invention; 
20 FIG. 2 is an exploded view of the height control valve of FIG. 1 ; 

FIG. 3 is an elevational side view of the height control valve housing of FIG. 

2; 

FIG. 4 is a sectional view taken along line 4-4 of FIG. 3; 
FIG. 5 is a side view of the shaft in the height control valve of FIG. 2; 
25 FIG. 6 is a sectional view taken along line 6-6 of FIG. 2; 

FIG. 6A is a perspective view of a multiple-arm lever for the height control 

valve; 

FIG. 7 is an enlarged perspective view of the shear disk shown in FIG. 2; 
FIG. 8 is a perspective view showing the opposite side of the dynamic shear 
30 disk shown in FIG. 2; 
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FIG. 8 A is an alternative construction of the dynamic shear disk of FIG. 8; 
FIG. 9 is a side view of the height control valve cover shown in FIG. 2; 
FIG. 10 is a sectional view taken along line 10-10 of FIG. 9; 
FIG. 1 1 is a schematic view illustrating the height control valve of FIG. 2 in a 
5 neutral position; 

FIG. 12 is a schematic view illustrating the height control valve of FIG. 2 in a 
filled position; 

FIG. 13 is a schematic view illustrating the height control valve of FIG. 2 in an 
exhaust position; 

10 FIG. 14 is an enlarged view of the alternative dynamic disk and the fixed disk 

in their assembled positions with the outlet and inlet profile slots of the dynamic disk 
and the air spring passage of the fixed disk illustrated in phantom lines; 

FIG. 15 is a chart illustrating the air flow rate through the air spring passage 
and the inlet and outlet profile slots at various degrees of rotation of the dynamic disk 
1 5 relative to the fixed disk; 

FIG. 16 is a perspective view of a modular dump valve for use with the height 
control valve according to the invention; and 

FIG. 1 7 is an exploded view of a dump valve of FIG. 1 6. 

Description of the Preferred Embodiment 
20 FIG. 1 illustrates a trailing arm suspension 10 in combination with a height 

control valve 12 according to the invention. The trailing arm suspension 10 
comprises a trailing arm 14 having a first end that is pivotally connected to the vehicle 
fi-ame 16 through a hanger bracket 18. Preferably; the pivotal connection is an 
elastomeric bushing 20. 
25 An air spring 22 comprising a lift bag 24 and a piston 26 is positioned between 

the trailing arm 14 and the firame rail 16. The lift bag 24 is connected to the vehicle 
firame 1 6 and the piston 26 is connected to the trailing arm 14. Pressurized air can be 
introduced or exhausted fi-om the lift bag to control the relative position of the vehicle 
frame 1 6 and the trailing arm 14. The lift bag 24 serves to dampen the rotational 
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movement of the trailing arm 14 about the pivotal connection 20 with the vehicle 
frame. 

Referring to FIGS. 1-4, the height control valve 12 according to the invention 
comprises a housing 30 that is fixedly moxmted to the vehicle frame 1 6 by bolts 3 1 . A 
5 lever 32 has one end rotatably mounted to the valve 12 and the other end connected to 
the trailing arm 14, preferably, by way of an adjustable rod 34 extending from the 
trailing arm 14 to the lever 32. Movement of the trailing arm 14 about the pivotal 
connection 20 relative to the frame 16 causes the lever 32 to rotate relative to the 
valve housing 30. 

10 The housing 30 comprises an interior chamber 36, open on one side, and a 

shaft sleeve 37 extending from the other side of the housing 30 and connecting with 
the interior chamber 36. The interior chamber is partially defined by an interior 
housing side wall 36A and an interior peripheral wall 36B, which extends away from 
the side wall 36A. A fluid manifold body 41 A is integrally formed with the housing 

15 30 and comprises an air supply port 38 and an air spring port 39. The air supply port 
38 extends from the manifold body 41 A and through the housing 30 to establish fluid 
communication with the interior chamber 36. At the fluid manifold body 41 A, the 
supply port has an inlet opening 38 A with a relatively large rectangular cross section. 
At the interior chamber, the supply port 38 has an outlet opening 38B with a slot-like 

20 cross section in the peripheral wall 36B. 

The air spring port 39 in the housing 30 also extends from the manifold body 
41 A to the housing 30 to establish fluid commimication with the interior chamber 36 
through the side wall 36A. The air spring port 39 has a relatively large opening or 
outlet 39B near the manifold body 41 A and converges to a relatively small tubular 

25 cross section inlet opening 39A that has a transverse component intersecting with the 
interior chamber side wall 3 6 A. 

An exhaust port 40 extends from the exterior of the housing 30 to the shaft 
sleeve 37. Specifically, the exhaust port extends to an enlarged diameter portion 37 A 
ofthe shaft sleeve 37. The shaft sleeve effectively forms part of the exhaust port. The 

30 air supply port 38 is adapted to fluidly connect a source of pressurized air to the 
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interior chamber 36. The air spring port 39 fluidly connects the interior chamber 36 to 
the air spring lift bag 24. The exhaust port 40 fluidly connects the chamber 36 via the 
shaft sleeve 37 to the atmosphere. 

A modular manifold cover 41B is mounted to the housing 30 and overlies the 
5 manifold body to cover the air supply port 38 and air spring port 39. The manifold 
cover 4 IB includes an air supply hose connection 42 that is aligned with and provides 
fluid conmixmication with the air supply port 38. The manifold cover 41B further 
includes air spring hose connections 43, 44 that are aligned with and provide fluid 
communication to the air spring port 39. The air supply hose connection 42 and air 
10 spring hose connections 43, 44 are known connectors for easily receiving hose 

couplings associated with the vehicle air supply and the air springs. A gasket 45 is 
provided between the manifold cover 41B and the housing 30 to enhance the fluid seal 
therebetween. 

The modular manifold cover 41b provides the height control valve with fluid 
15 port modularity not foimd in prior height control valves. For example, the number 
and configuration of 2iir supply port connections 42 and air spring hose connections 
43, 44 can be altered by merely mounting a different cover 41B to the manifold body 
41 A. Thus, the height control valve according to the invention can easily be modified 
to accommodate different types of air supply connections 42 or air spring connections 
20 43, 44. In addition, the ntimber of air supply connections 42 and air spring 

connections 43, 44 can be altered as desired. Although, in most circumstances, only 
one air supply connection will be needed. Other types of air connections can be 
supplied instead of those connections for an air spring. The air connections can 
supply many different types of vehicle accessories, including anti-creep devices and 
25 the like. 

Referring to FIGS. 2 and 5, a shaft 48 is received within the shaft sleeve 37. 
The shaft 48 has a large diameter center portion 49 and terminates in a key 50 on one 
end and carries an adjustable hex head 5 1 toward the other end. A stop collar 52 is 
positioned between the keyed end 50 and hex head 5 1 . The rounded central portion is 
30 sufficiently sized to at least partially fliiidly seal the shaft with respect to the shaft 
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sleeve 37, but not with respect to the enlarged diameter portion 37A. An O-ring 100 
is provided to enhance the seal of the shaft relative to the housing. A handle seal 53 
and handle cap 54 are provided to seal the shaft sleeve 37 at the exterior side of the 
housing 30 and provide a mating surface for the handle 32. 
5 Referring to FIGS. 2 and 6, the cap 54 includes a hexagonal shaft collar 55 

that is sized to receive the adjustable hex head 5 1 . The handle is fixedly naounted to 
the portion of the shaft adjacent the hex head 5L Multiple mounting studs 56 extend 
from the handle cap 54. 

Referring to FIGS. 2 and 6A, the handle 32 comprises an inner arm 57 and an 

10 outer arm 58, which together fimction as the entire arm or lever for the height control 
valve. The inner arm 57 has one end in which is formed a handle cap opening 59 
whose diameter is sufficiently large enough to circumscribe the multiple mounting 
studs 56 extending from the handle cap 54. The handle cap opening 59 permits the 
inner arm 57 to be mounted to the handle cap 54 and rotate relative thereto. The inner 

1 5 arm 57 further includes an arcuate slot 6 1 , whose radius of curvature originates at the 
center line for the handle cap opening 59. The outer arm 58 comprises multiple 
openings 63 located at one end thereof and which correspond in size and spacing to 
the multiple moxmting studs 56 of the handle cap 54. A bolt hole 65 is located at the 
opposite end of the outer arm 58 than the openings 63 and is sized to receive a 

20 traditional fastener assembly 71 comprising a bolt 71 A, washer 71B, and a nut 71 C. 
The dual arm constmction of the lever 32 permits the lever 32 to be 
rotationally adjusted relative to the shaft 48. The rotational adjustment is achieved by 
the inner arm 57 being moimted to the handle cap 54 by positioning the mounting 
studs 56 within the interior of the handle cap opening 59. Since the handle cap 

25 opening 59 circumscribes the mounting studs 56, the inner arm 57 is free to rotate 

relative to the handle cap 54. The outer arm 58 is mounted to the handle cap 54 such 
that the mounting studs 56 are received within the corresponding opening 63, which 
effectively fixes the position of the outer arm relative to the handle cap 54 without 
prohibiting the rotation of the inner arm 57 relative to the handle cap 54. The fastener 

30 assembly 61 is then inserted through the bolt hole 65 in the outer arm 58 and through 
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the arcuate slot 61 of the inner arm 57. The fastener assembly 61 effectively limits 
the rotation of the inner arm 57 relative to the outer arm 58 to the ire formed by the 
arcuate slot 61 . In other words, as long as the fastener 67 extends through the boh 
hole 65 in the outer arm in arcuate slot 61 of the inner arm 57, the inner arm 57 is free 
to rotate relative to the outer arm 58 and the handle cap 54 a rotational amount 
equivalent to the sector cut by the arcuate slot 61 . With this configuration, the outer 
end of the inner ami 57 opposite the end with the handle cap opening 59 can be 
rotated relative to the handle cap 54 and the outer arm 58 by loosening the fastening 
assembly 61 and rotating the inner arm 57 relative to the outer arm 58 to provide 
radial adjustment of the inner arm 57 with respect to the outer arm 58 and ultimately 
with respect to the housing 30. 

Preferably, when the inner arm 57 and outer arm 58 are aliened along their 
longitudinal axes, the inner arm 57 can be adjusted both positively' and negatively 
with respect to the aligned longitudinal axes. Since the aligned longitudinal axes 
typically coincide with the horizontal axis of the vehicle in a stanjard mounting, the 
rotational adjustment of the inner arm relative to the outer arm 58 also includes a 
corresponding vertical adjustment wdth respect to the vehicle framb and trailing arm, 
effectively providing the height control valve with a height adjustment for the lever 
32. 

Referring to FIGS. 2 and 7, the height control valve furthef- comprises a static 
shear disk 60 having an axial passage in the form of an opening 6% and a fluid passage 
in the form of an orifice 64, both of which extend through the disk! 60. The static 
shear disk 60 includes blind alignment openings 66 and 67 that receive positioning 
studs 68 and 69 extending from the housing 30 into the interior chamber 36 to align 
the static shear disk 60 relative to the housing 30 so that orifice 64! aligns with the 
transverse portion of the air spring port 39. The axial opening is sized slightly larger 
than the shaft 48 to ensure that fluid can flow between the shaft and the opening 62 
and communicate with the outlet port 40. 

Referring to FIGS. 2 and 8, a dynamic shear disk 70 is positioned within the 
interior chamber 36 of the valve housing 30 in abutting relationship with the static 
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shear disk 60. The dynamic shear disk 70 comprises a sector portion 72 from which 
extends a circular lobe 74. A passage in the form of a generally I-shaped recess 76 is 
formed in the dynamic shear disk 70 and comprises an arcuate portion 78 and a slot 
portion 80, which are connected by a channel 82. The arcuate portion 78 is 
5 predominantly located in the sector portion 72 and includes opposing outlet profile 
slots 84. An inlet profile slot 86 is provided on the exterior side of the sector portion 
72 and corresponds with one of the outlet profile slots 84. 

When assembled, the orifice 64 of the shear disk 60 will lie between one of the 

pairs of outlet profile slots 84 and inlet profile slots 86. The key slot 80 is sized to 

j 

10 slidably receive the key 50 on the shaft 48. The connecting slot fluidly connects the 
key slot 80 to the arcuate portion 78. 

Preferably, a suitable resin, such as an epoxy, is disposed within the key slot 
80 to fill in any gaps existing between the key 50 and the key slot 80. The resin fill 
eliminates any play between the key 50 and the key slot 80 so that any rotation of the 
1 5 shaft 48 results in an immediate and corresponding rotation of the dynamic disk 70/ 
which improves the responsiveness and consistency of the height |ontrol valve. 

FIG. 8A illustrates an altemative constmction of the dynaijiic disk 70. The 
alternative construction 70' is substantially identical to the dynamic disk 70 except 

that the connecting channel 82 does not extend into the key slot, bjut terminates prior 

! 

20 to the key slot 80. For the dynamic disk 70 to fimction properly, ijt is only necessary 

i 

that the connecting channel 82 extend a sufBcient distance to establish fluid 
communication with the passage 62 to thereby establish flxiid compiunication between 
the exhaust port 40 and the recess 76. 

Referring now to FIGS. 2, 9 and 10, a cover 90 closes the interior chamber 36 

25 of the housing 30 and retains the dynamic shear disk 70 and static shear disk 60 

within the housing. An O-ring 92 is provided to enhance the seal between the cover 
90 and the housing 30. As best seen in FIGS. 8 and 9, the cover 90 comprises an 
annular stepped collar 94 that defines an interior recess 96 in which the dynamic shear 
disk 70 and static shear disk 60 are received. The O-ring 92 is prefferably received 

30 around the periphery of the step collar 94. 
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The assembly of the height control valve will now be summarily described. It 
should be noted that the sequence of many of the steps in the assembly of the height 
control valve are interchangeable and not important to the invention. The assembly is 
merely provided for an understanding of the interconnection of the many components 
5 of the height control valve. In assembling the height control valve, the shaft 48 is 
fitted with an O-ring 100 and slidably mserted into the shaft sleeve 37 until the stop 
collar 52 abuts the interior of the housing 30. The handle seal 53 and handle cap 54 
are slidably mounted over the end of the shaft 48 where the hexagonal shaft collar 55 
is received over the adjustable hex head 5 1 . The handle 32 is mounted to the handle 
10 mount 54 as previously described and is retained with a nut threaded on the end of the 
shaft. 

The manifold cover 41B is aflRxed to the end of the housing 30 by bolts 102 
extending through the manifold cover 41B and threaded into tapped openings in the 
housing 30. The gasket 45 is positioned between the manifold and the housing 30 
1 5 prior to affixation of the manifold cover 41B. 

Prior to the installation of the static shear disk 60 and dynamic shear disk 70, a 
tandem O-ring 104 is positioned within a correspondingly shaped groove 106 formed 
on the interior of the housing 30 and surrounding the shaft sleeve 37 and the 
transverse portion of the air spring port 39. The static shear disk 60 is positioned 
20 within the interior chamber 36 and aligned therein by inserting the alignment stud 68 
into the alignment opening 66. 

The dynamic shear disk 70 is positioned in the interior chamber 36 and the key 
50 of the shaft 48 is received within key slot 80 of the dynamic shear disk 70 to align 
the dynamic shear disk 70 relative to the shaft 48 and the shear disk 60. The 
25 orientation of the dynamic shear disk 70 is adjusted until the orifice 64 lies between 
one of the pairs of outlet profile slots 84 and inlet profile slots 86 on the dynamic 
shear disk. In this position, the air spring port 39 is fluidly sealed relative to the air 
supply port 3 8 and the exhaust port 40. 

The assembly of the height control valve is completed by placing the O-ring 
30 92 on the cover 90 and positioning the cover 90 over the housing and fixing the cover 
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90 to the housing by threaded bolts 102 that are received within tapped openings in 
the housing 30. 

No O-ring or other type of seal is required between the dynamic disk and the 
static disk since pressurized air is continually supplied through the inlet port to the 
5 portion of the chamber between the cover and the dynamic disk and the pressurized 
air biases the dynamic disk against the static disk a sufficient amoimt to seal the disks 
relative to each other. 

The static disk 60 and the dynamic disk 70 are preferably made firom ceramic 
or any other material having suitable wear-resistant characteristics. It is within the 

10 scope of the invention for the static disk 60 not to be used and the dynamic disk would 
directly abut the housing. In such a configuration, the housing is preferably made 
from a suitable wear-resistant material. No traditional seal, an O-ring or the like, 
would be required between the dynamic disk and the housing. 

The operation of the suspension and the height control valve will be described 

15 in the context of the height control valve's three operation positions: fill position, 
neutral position, and exhaust position. For purposes of this description, it will be 
assumed that the height control valve begins in the neutral position. In the neutral 
position shown in FIG. 1 1, the dynamic shear disk 70 is oriented relative to the shear 
disk 60 such that the shear disk orifice 64 is positioned between the extension slot 84 

20 and the exterior slot 86 and in abutting relationship with the dynamic shear disk 70, 
effectively sealing the transverse portion of the air spring port 39 and blocking fluid 
communication from either the air supply port 38 or exhaust port 40 to the air spring 
port 39. In the neutral position, the lever 32 is preferably horizontally oriented. 

If for any reason there is relative movement of the trailing arm 14 towards the 

25 frame rail 1 6, such as an increase in the loading of the trailer, the lever 32 will rotate 
upwardly in FIG. 12 thereby rotating the shaft 48 and ultimately the dynamic shear 
disk 70 so that the orifice 64 moves into fluid conununication with the exterior slot 86 
to open the air spring port 39 to the interior chamber 36. Since the interior chamber 
36 is constantly exposed to the air supply port 38, pressurized air will be directed into 

30 the air spring port 39 and introduce pressurized air into the air springs. As the air 
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springs are inflated, the frame rail 16 and trailing arm 14 move relatively av/ay from 
each other, which ultimately rotates the lever 32 and the dynamic shear disk 70 back 
to the neutral position. 

If the trailing ami 14 and frame rail 16 move away relative to each other, the 
5 lever 32 is urged downwardly, as viewed in FIG. 13, moving the dynamic shear disk 
70 relative to the shear disk 60, so that the orifice 64 is moved into fluid 
commimication with the recess 76, preferably at an extension slot 84, which is 
referred to as the exhaust position. In the exhaust position, the air spring port 39 is in 
fluid communication with the exhaust port 40 through the recess 76. The pressurized 

10 air in the air springs is exhausted through the exhaust port 40 to the atmosphere 
through the recess 76. As the pressurized air is exhausted from the air spring, the 
trailing arm 14 and the frame rail 16 move relatively towards each, which rotates the 
lever 32 upward and moves the extension slot 84 toward the orifice 64. The 
exhausting of the pressurized air from the air springs will continue until the orifice 64 

15 is positioned between the extension slot 84 and the exterior slot 86. 

It should be noted that the spacing between the extension slot 84 and the 
exterior slot 86 is slightly wdder than the diameter of the orifice 64. Therefore, small 
relative movements between the trailing arm 14 and the frame rail 16 will not result in 
the height control valve moving from the neutral position to either of the fill or 

20 exhaust positions. This constmction is preferred so that slight weight variations or the 
normal operation of the suspension will not result in an adjustment of the vehicle ride 
height. 

I should also be noted that when assembled, the shaft 48 will extend axially 
through the opening 62 of the static disk 60 and the key 50 will be received within the 
25 key slot 80 on the dynamic disk 70 to thereby axially align the rotational axis of the 
dynamic disk 70 with the central axis of the static disk 60. In this position, the 
connecting channel 82 extends over the static disk opening 62 to establish fluid 
communication between the exhaust port 40 and the profile slots 84 in the arcuate 
portion 78 of the recess 76. 



1) 
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As best seen in FIG. 14, the outlet profile slots 84 and inlet profiles 86 are 
radially offset a distance from the rotational axis of the dynamic disk 70 a greater 
distance than the opening 64 is radially offset from the central axis of the fixed disk 
60, A result of the radially offset discrepancy between the outlet and inlet profile slots 
84, 86 with respect to the opening 64 is that as the dynamic disk 70 is rotated relative 
to the fixed disk 60 only a comer portion of the outlet and inlet profile slots 84, 86 
will initially overlie the opening 64. Upon continued rotation, a great cross-sectional 
area of the outlet or inlet profile slots 84, 86 will overlie the opening 64, resulting in 
an increase in cross-sectional area of the outlet and inlet profile slots 84, 86 overlying 
the opening 64. The increasing cross-sectional area effectively controls the flow rate 
of the fluid therethrough. 

FIG. 15 illustrates a chart showing the increasing flow rate through the aligned 
outlet and inlet profile slots 84, 86 as a fimction of the degree of rotation of the 
dynamic disk 70 relative to the static disk 60. In other words, as the dynamic disk 70 
is rotated a greater amount relative to the static disk 60, the greater is the cross- 
sectional area of either the outlet profile slot 84 or inlet profile slot 86 that overlies the 
opening 64. The control of the flow rate through the aligned profile slots and opening 
64 effectively permits control over the amount of fluid that is either added or deleted 
fi-om the air springs. This flow rate control permits the height control valve to 
effectively turn on at a slower rate to prevent overcompensating for smaller changes in 
the relative heights between the vehicle frame and the trailing arm, which correspond 
to smaller angular rotations of the dynamic disk 70 relative to the fixed disk 60, while 
still permitting appropriate response for large scale changes, which are indicated by 
greater rotational changes. 

The proportional flow rate feature of the valve can also be accomplished by 
varying the shaped of the blind openings or the air spring port in addition to or in 
place of the radial offset between the blind openings and the air spring port. 

FIGS. 16 and 17 illustrate a dump valve 1 10 that is particularly well suited for 
the port modularity functionality of the height control valve according to the 
invention. The dump valve 110 comprises a housing formed of a body 1 12 that 
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defines an interior chamber 1 14, which is closed by a top 1 16 that incorporates a fluid 
connector 118. The dump valve body 1 12 has a manifold body surface 120 in which 
is formed an air spring opening 122 and an air supply opening 124. An air spring 
connector opening (not show) corresponding to the air spring opening is provided on 
5 the opposite side of the body and fluidly couples to the air spring connector of the 
cover. An exterior side surface 126 includes an exhaust opening 128 that can be 
covered by a resilient cover 130 which is secured to the side surface 126 by a fastener 
132. 

The end of the dump valve body 1 12 includes four channels 134, each of 
10 which includes a detent 136. The cover 116 includes fingers 138 that correspond to 
the channels 134. Each of the fingcars 138 include a finger 140 that is received within 
the detent 136 when the cover is snap-fitted to the body. 

A valve 150 is disposed within the dump valve body 1 12 and control fluid 
communication from the air spring port 122 to either the corresponding air spring 
1 5 connector port and the exhaust port 128. The valve comprises a cartridge 1 52 having 
annular grooves 1 54 and in which are received corresponding O-rings 1 56, which seal 
the cartridge 152 relative to the interior of the dump valve body 122 when the 
cartridge is inserted into the opening 1 14. An exhaust passage 160 is formed in a 
sidewall of the cartridge 152 as is an air spring passage 162. The exhaust passage 160 
20 aligns with the exhaust opening 128 and the air spring passage 1 62 aligns with a air 
spring port (not shown) on the opposite side of the dump valve body 122 from the air 
spring opening 122. An annular rib (not shown) is formed on the interior of the 
cartridge 152 approximately at the same location of the groove 154. 

A spool 170 controls the fluid communication between the air spring opening 
25 122 and the air spring passage 162 and exhaust passage 160. The spool 170 

comprises adjacent pairs of annular flanges 172 and 174, which receive O-rings 176 
and 178, respectively. A spring (not shown) extends ft^om the opposite end of the 
spool 170. A lower O-ring 180 is provided to seal the lower end of the spool 170. 
When the spool 170 is assembled within the cartridge 152 and placed within 
30 the dump valve body 1 1 2, the O-ring 1 76 is disposed on the side of the interior rib 
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nearest the exhaust opening 160 and the O-ring 178 is disposed on the side of the 
interior rib nearest the air spring passage 162. The spring biases the spool 170 such 
that the O-ring 176 seals against the interior rib and prevents fluid conununication 
between air spring opening 122 and the exhaust passage 160 to thereby prevent the 
exhaustion through the exhaust opening 128. Upon the manual activation by the user, 
pressurized air is introduced into the connection 1 1 8 on the cover 1 16 of the dump 
valve 110. The pressurized air bears against the end of the spool and overcomes the 
force of the spring 180 to move the spool 170 away from the cover 116. As the spool 
170 moves away from the cover 116, the O-ring 176 un-seats relative to the interior 
annular rib and the cartridge 152 and the O-ring 178 passes over the air spring passage 
176 and is positioned between the air spring passage 162 and the air spring opening 
122 to thereby establish fluid communication from the air spring opening 122, 
through the interior the cartridge 152, through the exhaust passage 160, where the air 
can exhaust through the exhaust opening 128 and thereby exhaust all of the 
pressurized air from the air springs. 

As will be obvious by a brief of FIG. 17, when assembled, the dump valve 110 
has a profile that is substantially identical to the manifold body 41 A and the manifold 
cover 41 B. Therefore, the dump valve 1 10 can be interposed between the manifold 
body 41 A and the cover 4 IB and provide for a modular dump valve assembly that can 
be easily added to the height control valve if desired. When the dump valve 1 1 0 is not 
in the dump position, the dump valve 1 10 maintains fluid communication through the 
supply connection to the inlet port 38 and the air spring connections 43, 44 through 
the air supply port 39. An additional advantage of the dump valve 1 10 is that multiple 
manifold covers 41B can be used with the dump valve 1 1 0 in the same manner as 
described above with respect to the height control valve alone. 

The suspension and height control valve, according to the invention, provide a 
very simple and effective means for controlling the ride height of a vehicle. Unlike 
prior height control valves that tended to use relatively complex plunger/piston 
arrangements within the various ports of the height control valve, the rotating disk 
structure of the height control valve 12 along with the location of the various ports 
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provides a much simpler constmction and uses parts that are not as susceptible to wear 
and degradation over time. 

While the invention has been specifically described in connection with certain 
specific embodiments thereof, it is to be understood that this is by way of illustration 
and not of limitation, and the scope of the appended claims should be construed as 
broadly as the prior art will permit. 
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Claims 

AVhat is claimed is: 

L A height control valve (12) for controlling the relative height between 
a vehicle frame (16) and a trailing arm suspension (10) comprising a trailing arm (14) 
having one end pivotally mounted to the vehicle frame and carrying an axle that 
rotatably mounts ground engaging wheels, and an air spring (22) positioned between 
S another end of the trailing arm and the vehicle frame to resist the rotation of the 
trailing arm relative to the fi:ame, the height control valve comprising: 

a housing (30) defining an interior chamber (36) and having an inlet port (38) 
for fluidly connecting to a source of pressurized air, an air spring port (39) for fluidly 
connecting to the air spring, and an exhaust port (40) for fluidly connecting to 
10 atmosphere; and 

a valve (60, 70) disposed within the interior chamber and selectively operable 
between a fill position where air spring port is fluidly connected to the inlet port to 
introduce pressurized air from the air soim:e into the air spring, an exhaust position 
where the air spring port is fluidly connected to the exhaust port to exhaust 
1 S pressurized air from the air spring, and a neutral position where the air spring port is 
fluidly disconnected from the inlet port or the exhaust port, to thereby control the 
introduction and exhaustion of air from the air spring to rotate the trailing arm relative 
to the vehicle frame and adjust the height of the vehicle frame. 

2. The height control valve according to claim 1, wherein the valve is 
characterized by a rotatable valve element (70) disposed within the interior chamber 
and fluidly separating the inlet port and the exhaust port, the rotatable valve element 
having a control passage (78, 82, 84, 86) that selectively fluidly connects the air 

5 spring port to the inlet port or the outlet port upon the rotation of the rotatable valve 
element, and the rotatable valve element being biased into sealing abutment relative to 
the housing by the pressure from the pressurized air. 

3. The height control valve according to claim 2, wherein the housing 
comprises a first wall portion (3 6 A) from which extends a second wall portion (36B) 
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to partially define the interior chamber, the air spring port and the exhaust port are 
positioned on the first wall portion, and inlet port is positioned on the second wall 
5 portion, the rotatable valve element comprises a disk (70) having a first and second 
opposing sides connected by a peripheral edge, the first side of the disk abuts the first 
wall portion and overlies the air spring port and the exhaust port and the second side 
faces the inlet port wherein pressurized air entering the inlet port biases the disk first 
side against the first wall portion to seal the air spring port and exhaust port relative to 
10 the inlet port. 

4. The height control valve according to claim 3, wherein the control 
passage comprises first (86) and second (84) spaced blind openings formed in the first 
side of the disk and a separating wall formed by the portion of the disk disposed 
between the blind openings, wherein when the valve is in the neutral position, the 

5 separating wall overlies the air spring port to prevent fluid commxmication between 
the air spring port and either the exhaust port or inlet port, when the disk is rotated a 
first rotational direction from the neutral position, the first blind opening is in fluid 
communication with the inlet port and the air spring port to place the valve in the fill 
position, when the disk is rotated m a second rotational direction, opposite the first 
10 rotation direction, from the neutral position, the disk is second blind opening is in 

fluid commxmication with the exhaust port and the air spring port to place the valve in 
the exhaust position. 

5. The height control valve according to claim 4, wherein the first and 
second blind openings are shaped such that an increasing cross-sectional area of the 
first and second blind openings is exposed to the air spring port as the vsdve is moved 
from the neutral position to the fill and exhaust positions, respectively, to provided for 

5 increasing air flow rate as a function of the degree of rotation of the disk. 

6. The height control valve according to claim 4, wherein the first and 
second blind openings are positioned on the disk relative to the air spring opening 
such that an increasing cross-sectional area of the first and second blind openings is 
exposed to the air spring port as the valve is moved from the neutral position to the fill 
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5 and exhaust positions, respectively, to provided for increasing air flov^ rate as a 
function of the degree of rotation of the disk. 

7. The height control valve according to claims 4-6, and fiirther 
comprising a static disk (60) positioned between the first wall portion and the 
rotatable disk and coupled to the first wall portion, the static disk having an exhaust 
passage (62) extending through the disk and in fluid communication with the exhaust 

5 port and an air spring passage (64) extending through the disk and in fluid 

communication with the air spring port, wherein the separating wall overlies the air 
spring passage when the valve is in the neutral position, the first blind opening 
overlies a portion of the air spring passage when the valve is in the fill position, and 
the second blind opening overlies a portion of the air spring passage when the valve is 
10 in the exhaust position. 

8. The height control valve according to claims 4-7, wherein the first 
blind opening extends from the separating wall to the peripheral wall of the disk so 
that the first blind opening is always in fluid communication with the inlet port. 

9. The height control valve according to claims 4-8, wherein the second 
blind opening extends from the separating wall to the exhaust port so that the second 
blind opening is always in fluid commvmication with the exhaust port. 

10. The height control valve according to claim 9, wherein the housing 
comprises a shaft opening (68) extending through the first wall portion, the shaft 
opening forms a portion of the exhaust port, and the second blind opening is in fluid 
communication with the shaft opening. 

1 1 . The height control valve according to claim 1 0, and further comprising 
a shaft (48) extending through the shaft opening and affixed to the disk whereby the 
rotation of the shaft rotates the rotatable disk to place the valve in the neutral, fill, or 
exhaust positions. 
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12. The height control valve according to claim 1 1, wherein the rotatable 
disk comprises a slot (80) and the shaft comprises a key (50) received within the slot 
to connect the shaft and the rotatable disk. 

13. The height control valve according to claim 12, and fiirther comprising 
a resin disposed within the slot to fill in any spaces between the key and the slot. 

14. The height control valve according to claims 11-13, and fiirther 
comprising a lever (32) having one end connected to the shaft and another end 
adapted to be connected to the trailing arm, whereby the rotation of the trailing aim 
moves the lever to thereby rotate the shaft and move the valve between the neutral, 

5 fill, and exhaust positions. 

1 5. The height control valve according to claim 14, wherein the lever 
comprises first (58) and second (57) elongated aims, the first arm has one end fixedly 
mounted to the shaft, the second arm has one end adapted to be connected to the 
trailing arm, and the second arm is rotatably adjustable relative to the first aim to 

5 provide for adjusting the height of the lever relative to the trailing aim. 

1 6. The height control valve according to claim 1 5, wherein the first arm 
comprises an opening (65), the second arm has another end that is rotatably mounted 
to the shaft and an arcuate slot (61) that aligns with first arm opening, and a releasable 
fastener (71) extending through the first arm opening and the second arm arcuate slot 

5 to permit the selective rotational positioning of the second arm relative to the first arm 
to adjust the height of the lever. 

1 7. The height control valve according to claims 1-16, wherein the housing 
is characterized by a manifold body (41 A) defming an air spring chamber (39B) 
fluidly connected to the air spring port and an inlet chamber (38A) fluidly connected 
to the inlet port, and a manifold cover module (4 IB) removably moimted to the 

5 manifold body to enclose the air spring chamber and the inlet chamber. 
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1 8. The height control valve according to claim 17, wherein the manifold 
cover comprises at least one air supply connector (42) for fluidly coupling an air 
supply to the inlet chamber and at least one air spring connector (43) for fluidly 
connecting the air spring chamber to the air spring. 

19. The height control valve according to claim 1 8, wherein the manifold 
cover further comprises an accessory connector (44) for fluidly connecting a vehicle 
accessory to the air spring chamber. 

20. The height control valve according to claims 17-19, and fiirther 
comprising a modular dump valve (110) removable mounted between the manifold 
body and the manifold cover for fluidly connecting the air spring port to the exhaust 
port to exhaust the pressurized air from the air springs independent of the position of 

5 the height control valve. 

2 1 . The height control valve according to claim 20, wherein the dump 
valve comprises a housing (112, 116) having an inlet passage (124) that fluidly 
connects the air supply connector to the inlet chamber, an exhaust port (128), an air 
spring passage (122) fluidly connecting the air spring chamber to the air spring 

5 connector and the dump valve exhaust port, and a valve (1 50) positioned within the 
air spring passage for selectively fluidly connecting the air spring chamber between to 
the air spring connector and the dump valve exhaust port to exhaust the pressurized air 
from the air springs. 

22. The height control valve according to claim 21, wherein the air spring 
passage comprises a dump chamber (114) formed within the housing and fluidly 
connected to the dump valve exhaust port, the dump chamber having a first opening 
fluidly connected to the air spring chamber and a second opening fluidly connected to 

5 the air spring coimector, and the valve is a spool valve operable between a first 
position where the first and second openings are fluidly connected and a second 
position where the first opening is fluidly connected to the dump valve exhaust port. 
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23. The height control valve according to claims 1-13 and 1 7-22, 
characterized by a lever (32) having one end operably coupled to the valve to 
selectively move the valve between the fill, exhaust, and neutral positions and another 
end adapted to be connected to the trailing arm, whereby the rotation of the trailing 

5 arm moves the lever to thereby move the valve between the neutral, fill, and exhaust 
positions. 

24. The height control valve according to claim 23, wherein the valve 
comprises a moveable valve element (70) and the lever comprises first and second 
elongated arms, the first arm has one end fixedly coupled to the moveable valve 
element, the second arm has one end adapted to be coimected to the trailing arm, and 

5 the second arm is rotatably adjustable relative to the first arm to provide for adjusting 
the height of the lever relative to the trailing arm. 

25. The height control valve according to claim 24, wherein the first arm 
comprises an opening (65), the second arm has another end that is rotatably pined 
relative to the first arm and an arcuate slot (61) that aligns with first arm opening, and 
a releasable fastener (71) extending through the first arm opening and the second arm 

5 arcuate slot to permit the selective rotational positioning of the second arm relative to 
the first arm to adjust the height of the lever. 

26. The height control valve according to claims 1-4 and 17-25, wherein 
the valve is characterized by a moveable valve element (70) having a control passage 
(78, 82, 84, 86) moveable between a first position where the control passage flioidly 
connects the air spring port to the inlet port to place the valve in the fill position, a 

5 second position where the control passage fluidly coimects the air spring port to the 
exhaust port to place the valve in the exhaust position, and a third position where the 
control passage is not in fluid communication with either the inlet port or the exhaust 
port to place the valve in the neutral position, and the control passage presents an 
increasing cross-sectional area to the air spring port as the valve is moved to either the 
10 fill or exhaust positions to provided for increasing air flow rate as a function of the 
degree of movement of the moveable element. 
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27. The height control valve according to claim 26, wherein the housing 
comprises a first wall portion from which extends a second wall portion to partially 
define the interior chamber, the air spring port and the exhaust port are positioned on 
the first wall portion, and the inlet port is positioned on the second wall portion, the 

5 moveable valve element comprises a rotatable disk (70) having first and second 
opposing sides connected by a peripheral edge, the first side of the disk overlies the 
air spring port and the exhaust port 2ind the second side faces the inlet port so that 
pressurized air entering the chamber through the inlet port biases the disk first side 
against the first wall portion to seal the air spring port and exhaust port relative to the 
10 inlet port. 

28. The height control valve according to claim 27, wherein the control 
passage comprises first (86) and second (84) spaced blind openings formed in the first 
side of the disk and the portion of the disk disposed between the blind openings forms 
a separating wall, the first and second blind openings are shaped such that an 

5 increasing cross-sectional area of the first and second blind openings is exposed to the 
air spring port as the valve is moved from the neutral position to the fill and exhaust 
positions, respectively. 

29. The height control valve according to claim 28, wherein the control 
passage comprises first (86) and second (84) spaced blind openings formed in the first 
side of the disk and the portion of the disk disposed between the blind openings forms 
a separating wall, the first and second blind openings are positioned on the disk such 

5 that an increasing cross-sectional area of the first and second blind openings is 

exposed to the air spring port as the valve is moved fi-om the neutral position to the fill 
and exhaust positions, respectively, to provided for the increasing air flow rate as a 
fiinction of the degree of rotation of the disk. 

30. The height control valve according to claim 29, wherein the first and 
second blind openings are spaced a different radial distance firom a rotational axis of 
the disk than the air spring port. 
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3 1 . The height control valve according to claims 1 and .1 7-30, and fiirther 
characterized by a shaft (48) extending through the housing and having a key (50), the 
valve further comprises a rotatable valve (70) element having a slot (80) that receives 
the key of the shaft, and a resin is disposed within the slot to fill iii any spaces 

' between the key and the slot, wherein the rotation of the shaft rotates the rotatable 
valve element to selectively fluidly connect the air spring port to the inlet port and the 
exhaust port to place the valve in the fill and exhaust positions respectively. 

32. The height control valve according to claim 3 1 , wherein the rotatable 
valve element is biased into sealing abutment relative to the housing by the pressure 
fix>m the pressurized air. 
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